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Scismic  e f f e c t s  of RULISON , . SUnJECT: 
. . 

. . . . . . Seisr,lic waves fro31 t h e  RULISOK uudcrground nuc l c a r  e x p l o s i o n  of  
,' 

: Scptcinbcr 10, 1969, were recordcd  by 30 sc i smic  u n i t s  of the U . S .  
. . 

. . Geolog ica l  Survey a long  l i n e s  extencliilg w ~ s ~ \ . J J L . ~  t o  t h e  P a c i f i c  c o c s t  

. . . . . . and s ~ u t i i ~ ! ~ s t \ ~ ? c l r t  t o  Lalce I s a b e l l a ,  C a l i f o r n i a ,  s s  a pa . r t  of ou r  con- 
. t i n u i i ~ g  sc i s in ic  i l l v e s t i s a t  i o n  of the s t r u c t u r e  of t h e  e a r t h ' s  c r u s t  

. .  . . a n d  upper mzntle. Five  seismograph s t a t i o n s  w i t h i n  15 km of ground 
" ze ro '  monitored s d i s n i c  a c t i v i t y  a t  thc ZULISON s i t e  from 72 hoilrs be fo re  

. . u n t i l  18 hours  a f t e r  the e x p l c s i o n .  t!c coi l s idcr  t h c  carfhqual ic  a c t i v i t y ,  
. . as  d e s c r i b e d  i n  t hc  z t t a c h e d  rcport by 11. '11. Har&~il ton,  B. E .  Snith ,  and 

. J,. H.l:ealy, t o  be i n s i g n i f i c a n t  i n  terms of potential . s c i s n \ i c  haza rds .  
1 

.This  repor t  has  been  p l aced  k t h e .  open f i l e s  of t h e  U.S.  G c o l o ~ i c a l .  
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Seismic moni tor ing '  of t h e  RULISON unclcrground nucle.ar 

Explosion near R i f l e i  ,Colorado, o n  10 Septenbcr  1969 

R. M. Hamilton, B .  E .  Smith, and J. H.  Mealy* 

__:. 

Five  seismograph s t a t i . o n s  l o c a t e d  w i t h i n  1 5  'bi of ground ze ro  

monitored se i smic  a c t i v i t y  a t  the RULISON s i t e  f r o n  72 hours  b e f o r e  u n t i l  

18 ltours a f t e r  t h e  explos ion .  No earthquakes were rccordcd i n  t h e  period 

preceding  'the s h o t ;  1 6  werc recorded a f t e r  t h e  s h o t ,  a l l  w i t h i n  t h e  f i r s t  

. . .  43 m i l ~ u t e s . .  These a f t e r s h o c k s ,  a l l  of which had R i c h t e r  magnitude of l e s s  

. t h a n  1, were loca t ed  w i t h i n  1 h n  of t h e  cxplos ion .  
. . 

P o r t a b l e  se i snograph  systeins (Eaton c t  a l . ,  i n  p r e s s )  were cen te red  

: around ground z e r o  (Fig. 1 and Table  1 ) ;  Recorded ear thquakes  were 

l o c a t e d  by t h e  computer program IIYPOLAYR .(Eaton, 1969 and Eaton ct a l . ,  

i n  p re s s )  u s ing  a crusta1,modrl .   able Z) der ived  from Jackson and Pah i se r  

(1965). The e p i c c n t c r s  of the  1 6 . e a r t h q u a k c s  d e t e c t e d  (Table 3 .  a r e  

shown i n  F igu re  2. The f a c t  t h a t  bo th  compress iona l  and d i l a t a t i o n a l  

f i r s t  motions were recorded f o r  t h e  16  a f t e r s h o c k s  i n d i c a t e s  t h a t  a s imp le  
, 

volume change d i d  no t  cause t h r  a f t e r s h o c k s ,  a s  wou1.d have been t h e  c a s e  

' f o r  c a v i t y  r e l a x a t i o n .  

The sc i smogra i s  showed numerous s i g n a l s  s i m i l a r  t o  !he emergent 

s e i smic  e v e n t s  observed a f t e r  underground exp los idns  a t  Nevada T e s t  S i t e  

and bel ieved  t o  be ns soc ia t cd  w i t h  c a v i t y  d e t e r i o r a t i o n .  The sj..gnals i n  

the. Rulj.son a r e a ,  however, were observed b e f o r e  as  w e l l  a s  a f t e r  t h e  

de tona t j . on , .  t h u s  r u l i n g  out  c a v i t y  d e t e r i o r n t i o ~ l  a s  t h e  cause .  TItey a r e  

bc l i cvcd  t o  have hccn causcd by v e h i c u l a r  t r a f f i c .  

* 
Nat. i o n a l  Ccntcr  f o r  E a r t l ~ q u a l : ~  'Rc!r;carch, I f .  S. Ccolay,i.cnl. : ;u l .vev ,  
345  H j d d l c f i e l d  [:cad, Mcn1.0 I'i~rl;, C a l i f o r n i a  
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Figure 1 .  Hap o f  the  Ri . f l e ,  Colorado, arca shoving t t ~ c  RULISON s i t e  l o c a t i o n  
. end seismograph s t a t i o n  l o c a t i o n s  ( t r i a n g l e s ) .  
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. .  Table I. ~eismogsaph s t a t i o n  loca t ions  and: arr iva  1 'time c o r r e c t i o n s  
I 

S t a t i o n  Latitude, N .  Longitude, W .  E levat ion ,  , Station* 
name dcg - min dcg m i  n m c o r r e c t i o n  

. - 
GRDZ 39 25.10 , . 107 57.61 2,?71 _.. -0.9 

ANPT 39 30.92 107 56.22 1,993 0 . 1 5  

CLBR 39 15.65  10.7 57-31 1,963 0 . 2 4  

GRVL 39 24.00 168 07-77 1,573 0 . 1 7  

RIFL 3 - 25-67 107 46.67 2,220 0.27 

* Stat ion  correct ions ,  which 'arc added t o  the observed a r r i v a l  t imes ,  
were derived from the P-wave a r r i v a l  times of RULISON.. 





Table  3. O r i g i n  t imes ,  l o c a t i o n s  a n d  magnitudes o f  RULISON a f t e r s h o c k s ,  
1 0  Scptcmbci- 1969 (GMT) 

, 

O r i g i n  t ime ,  L a t i t u d e ,  N .  Longitude,  1.1. Dapth, Nurb? 
hr m i r i  s e c  del: min dep; min .km . Magnitude Stati, 

. . 

RULIS ON 



Figurc 2. Epicenter  map of t h c  RUIAISON a f t c r s l l o c k s .  
Large c i r c l e s  rcprcsent  e v e n t s  l o c a t e d  by 
4 or- j s t a t i o n s ,  smal l  c i r c l e s  represent  
events l o c a t e d  by o n l y  s t a t i o n s .  
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